In the clinical interpretation of electromyogram (E.M.G.) records, obtained by a needle electrode, the activity at insertion, possible spontaneous activity, and activity at voluntary contraction are taken into consideration. This procedure usually demands a fairly detailed examination in order to make a diagnosis. The interest is mainly focused on the shape of the action potential, its duration, amplitude, and number of " phases "; but the grouping of the impulses is also observed. Since these parameters show a great variability from one action potential to another it is seldom possible to draw any conclusions merely from single potentials in a record. A large number have to be investigated, with the result that a reliable analysis becomes rather time-consuming. Attempts to make these measurements automatic have therefore not been lacking. Richardson (1951) described a method of analysis which gave the proportion of the frequencies above 400 c./sec. to the frequencies below 400 c./sec. A method more satisfying as a frequency analysis was used by Walton (1952) , in which a frequency spectrum of the record was furnished by means of an " audiofrequency meter ". One of the main problems for the E.M.G. investigation is undoubtedly to decide whether muscular wasting is of myopathic or of neuropathic origin, and in a report of 174 (Krakau, 1956) . It was concluded that a frequency analysis of a record, representing a single element, composed of a series of identical formations, may under certain circumstances be smoothed to an approximation of the spectrum of a single formation (action potential). This spectrum is widely independent of the distribution of the formations in the series. It is presumed that the formations do not overlap. If the analyser, however, has a high resolving power, a detailed spectrum is given, which also permits of conclusions about the impulse grouping. We presume that there exists, for a certain mode of recording, certain trends in the shape of the action potential which may be considered as characteristic for a given muscle. The reasons for the great variations in shape at different positions of the electrode will not be discussed.
When the activities of several elements of an ensemble intermingle the situation becomes more complicated. A certain amount of overlapping has to be expected, even if the impulses of the different elements are falling mutually at random. Let us assume that the contributing motor units are (1) located at distances of the same order of magnitude from the electrode and (2) are eliciting similar action potentials. If the motor units are working without synchronization, the action potentials from the different units will fall at random and the general form of the spectrum to be expected will remain (except for a proportional factor) that of a single representative element.
If we in this situation change one factor, namely, the phase relations between the active elements, a synchronization may be introduced. If synchronization is defined as an overlapping of potentials to an extent higher than might be expected when the impulses are arranged at random, synchronization will result in an increase in the total energy of the spectrum. If the elements, which are falling into some degree of synchronicity, are firing at a certain common impulse frequency, an accentuation of these special frequencies and a change in the shape of the spectrum will result. This means that several formations will generally contribute to each spectrum. In conclusion, we may state that the spectrum produced by this equipment is a smoothed and broadened approximation of the true spectrum of the input. When the input time function is dominated by a single motor unit, the spectrum delivered will correspond to that from an approximated action potential. The details of impulse grouping are hidden in the smoothed spectrum. In Walton's treatment the frequency analysis is used to represent the form of the action potential, and this is also the case in our material. However, the method could also supply information about synchronization entering during a contraction, though no doubt a machine with a lower limit of frequency, less than 40 c./sec., would have been more convenient for such a study. As an illustration, let us analyse an action potential, the form of which is simplified to a single and complete sine wave. If the duration of the wave is, say, a complete period (A 1) of 5 m.sec., there will be a peak in the spectrum around 200 c./sec.
The approximative width (Ap) of this peak is given by A l x Ap 1, and may thus be put at 200 c./sec. (Fig. la) .. 1 In addition, the activity in the quadriceps and in one of the external eye muscles of rabbits has been investigated.
As the histograms from the frequency analyser have in the majority of cases had only one single maximum, we have considered that with the help of three parameters a fairly reasonable idea of its appearance can be given. We have, therefore, given the frequency for the maximum and usually two frequency values where the amplitude has fallen to half the maximal. These values have the advantage of being, within wide limits, independent of the degree of amplification. When two separated maxima of approximately equal height havebeen present, both have been included. sponds Normal.-The peak of the frequency in the examination of the large skeletal muscles is entirely clear at 200 c./sec. c./sec.). No obvious change, except a uniformly increased amplitude, is introduced in the spectrum when the contraction is augmented from slight, when isolated action potentials are dominating the pattern, to strong, when an interference pattern is seen (Fig. 3) . It is then justified to assume (a) that the motor units in the neighbourhood of the electrode are contributing with activities of similar spectra, and (b) that no considerable synchronization is present. At still more forcible contractions there is a variable change in the spectrum, the frequencies in the 40-50 bands being stressed. At this point the changes of the spectrum are explained in an uncomplicated 3 way by assuming a certain degree of synchronous activity in the motor units.
The rapid action potentials of the facial muscles deviate from those of the large skeletal muscles, which is reflected by a displacement of the maximum. The normal thin spikes of the rabbit muscles have their maximum at a higher frequency than the corresponding muscles in man.
Inactivity Atrophy. -Buchthal and Pinelli (1952) have found in similar cases a reduction of the mean duration. There may be a slight tendency to higher frequencies, for fairly high figures are represented in the peak values. The lower half-value also seems to be displaced towards a higher frequency, which means a change in the shape of the potentials.
Secondary Atrophy in Rheumatoid Arthritis. In myotonic dystrophy, if anything, there was displacement to the left of the frequency peak, whereas in progressive muscular dystrophy displacements of the maximum towards higher frequencies were considerable. In those cases where normal or broadened action potentials are mixed with rapid, polyphasic potentials, as is seen in cases of myotonic dystrophy, and in the activity after denervation, we have often observed that the higher frequencies are poorly represented in the spectrum in comparison with the lower ones, in spite of the fact that the polyphasic potentials are easily distinguished in ordinary analysis. This drawback might perhaps be helped somewhat if the analyser's amplification were not the same at different frequencies but were weighted in favour of the higher ones. On the whole, however, the E.M.G. results in the cases investigated are in agreement with Walton's findings and show that the shape of the action potential is mirrored in the frequency spectrum in such a way as to bring out the characteristic E.M.G. differences between neurogenic and myogenic atrophies. This is seen partly in the form of a displacement of the value of the frequency maximum, and partly by a change in shape of the spectrum. Nonetheless, there remains the primary question: Does the frequency analysis really facilitate the E.M.G. diagnosis ? Our experience of this method is, it is true, not overwhelming, but we nevertheless dare to maintain that in its present approach the gain for the E.M.G. diagnostician as regards time and diagnostic safety is comparatively insignificant. This, however, does not exclude the possibility that the method of analysis applied in a different way might well be considered to provide information about the grouping of the impulses. We have already touched on the possibility of studying the motor units' mutual activity (problems on synchrony) with the technique of frequency analysis.
Summary
An audiofrequency meter has been used for analyzing E.M.G. recordings by Walton's method. It was found to be of a certain but limited value in diagnosis. It is suggested that this machine should be applied to the study of synchronization.
